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FOREWORD
I
This report is a summar y of the work
I performed on NASA Contract NAS8-31944. The
investigation was conducted for the National
Aeronautics and Space Administration, George
C. Marshall Space Flight Center, Huntsville,
Alabama. The Contracting Officer's Technical
Representative was Mr. F. Villella.
The short-term objective of this preliminary
study of transistors, diodes, and FETS is to
I evaluate the reliability of these discrete
devices, from different manufacturers, when
subjected to power and temperature step
stress tests.
The long-term objective is to gain more
knowledge of accelerated stress testing for
I
use in future testing of discrete devices, as
well as to determine which type of stress
I	 should be applied to a particular device or
design.
This report is divided as follows: descrip-
tion of tests, figures, tables, and appendix.
ii
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INTRODUCTION
DCA Reliability Laboratory, under Contract
NAS8-31944 for NASA/Marshall Space Flight Center,
has compiled data for the purpose of evaluating
the effect of power/temperature step stress when
applied to a variety of semiconductor devices.
This report covers the dual transistor JANTX2N2920
I
manufactured by Fairchild and National Semiconduc-
tor.
Fifty one (51) samples from
Fairchild and 44 from National Semiconductor were
submitted to the process outlined in Table 1. In
addition, two control sample units were maintained
for verification of the electrical parametric
I testing.
	
2.0	 TEST REQUIREMENTS
I	 2.1
	
Electrical
All test samples were subjected to the electrical
tests outlined in Table 2 after completing the
prior power/temperature step stress point. These
tests were performed using the Fairchild Modal 500
High-Speed Computer-Controlled Tester. Additional
bench testing was also required on the devices.
	
2.2
	
Stress Circuit
I
The test circuit shown in Figure 1 was used to
power all the test devices during the power/temper-
ature stress conditions. The current was set by I 
and the voltage was varied in order to comply with
the specified power rating for this device. At
I least one of the devices was subjected to Maximum
JANTX2N2920
Rated Power (MRP). All remaining devices were
subjected to no less than 90% of MRP. See Figure 1
for load resistance values and voltages.
	
2.3
	
Group I - Power Stress
Thirty-two units, 19 from Fairchild and 13 from
National Semiconductor, were submitted to the
Power Stress Process. The dual transistors were
I stressed in 500-hour steps at 50, 100, 125, 150
and 175 percent of maximum rated power (MRP) for
2500 hours or until 50% or more of the devices in
a sample lot failed.* Electrical measurements
I were performed on all specified electrical
parameters after each power step. See
Table 1. (*See Notes at end of text.)
	
2.4
	
Group II - Temperature Stress I
Thirty-two units, 16 from each manufacturer, were
submitted to the Temperature Stress I Process.
Group II was subjected to 1600 hours of stress at
maximum rated power in increments of 160 hours.
The temperature was increased in steps of 250C,
commencing at 75 0C and terminating at 300 0C or
until 50% or more of the devices failed.* Electri-
cal measurements were performed on all specified
electrical parameters after each temperature step.
I	 See Table 1.
	
2.5
	
Group III - Temperature Stress II
Thirty-one units, 16 from Fairchild and 15 from
I National Semiconductor, were submitted to the
Temperature Stress II Process. Group III was
subjected to 112 hours of stress at maximum rated
Ipower in increments of 16 hours. The temperature
t
2
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was increased in seeps of 25 oC, commencing at
I
150 O and terminating at 300 0C or until 50% or
more of the devices in a sample lot failed.* Elec-
trical measurements were performed on all
specified electrical parameters after each
temperature step. See Table 1.
3.0	 DISCUSSION OF TEST RESULTS
I
3.1	 Group I - Power Stress
3.1.1	 Fairchild. The Fairchild sample lot completed the
I	 entire 2500 hours of Group I Testing with a total
of one catastrophic failure. The failure occurred
250 hours into the 125% MRP step. Serial
I	 number 4039 (Side "A") failed the minimum hFE
limit. Typical characteristics of this sample
Ilot's performance (Side "A") were:
1) The mean value for ICBO changed
I	 62.9pA from an initial mean of 166.8pA
to a final mean of 103.9pA.
I	 2) The mean value for VCE(SAT) changed
0.86mV from an initial mean of 50.53mV to
a final mean of 49.67mV.
3) The mean value for hFE changed 36.0
from an initial mean of 386.0 to a final
'	 mean of 422.0.
Typical characteristics of this sample lot's
performance (Side "B") were:
1) 'the mean value for ICBO changed
I	 127.3pA from an initial mean of 227.9pA
to a final mean of 100.6pA.
2) The mean value for VCE(SAT) changed
I0.5mV from an initial mean of 50.OmV to
3
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a final mean of 49.50mV.
3) The mean value for hFE changed 46.9
from an initial mean of 385.1 to a final
mean of 432.0.
4) The mean value for hFEl/hFE2
changed .032 from an initial mean of 1.004
to a final mean of .972.
The control units for this sample lot remained
constant throughout the entire Group I Testing.
3.1.2 National Semiconductor. The National Semiconductor
sample lot completed the entire 2500 hours of
Group I Testing with a total of one catastrophic
failure. The failures occurred 500 hours into the
175% MRP step. Serial number 3988 (Sides "A" and
"B") failed the minimum h FE limit. Typical
characteristics of this sample lot's performance
(Side "A") were:
1) The mean value for 7CBO changed
3.8pA from an initial mean of 146.9pA
to a final mean of 143.lpA.
2) The mean value for VCE(SAT) changed
0.77mV from an initial mean of 49.08mV to
a final mean of 49.85mV.
3) The mean value for hFE changed
54.4 from an initial mean of 348.4 to
a final mean of 402.8.
Typical characteristics of this sample lot's
performance (Side "B") were:
1) The mean value for ICI3O changed
150.8pA from an initial mean of 266.2pA
to a final mean of 115.4pA.
2) The mean value for VCE(SAT) changed
1.69mV from an initial mean of 52.54mV t3
4
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a final mean of ,0.85mv.
3) The mean val,ia
from an initial me
mean of 405.0.
4) The mean value
changed 0.006 from
to a final mean of
The control units for
constant throughout the
for hFF. changed 70.9
an of 334.1 to a final
for hFEl/hFE2
an initial mean of 1.042
1.035.
this sample lot remained
entire Group I Testing.
s,
3.1.3	 Statistical Summary - Group I. Table 4 outlines
the results of Group I - Power Stress Process for
I each of the electrical parameters and all
measurement points for both Fairchild and National
Semiconductor.
I
3.2	 Group II - Temperature Stress I
3.2.1 Fairchild. The Fairchild sample lot completed the
entire 1600-hour Group II Testing with a total of
.even catastrophic failures. The first failure
I 
occurred 160 hours into the 2250C-temperature
step. Serial number 4046 (Sides "A" and "B")
failed the minimum hFE limit. The next failureeI occurred 150 hours into the 2500C-temperature
step. Serial number 4060 (Side "B") failed the
'	 minimum h FE limit. The next three failures
occurred 160 hours into the 275oC-temperature
I step. Serial numbers 4052 (Side "P") and 4057
(Side "t.") failed the minimum hFE limit. Serial
number 4056 failed the maximum hFE matching limit.
The last two failures occurred 160 hours into the
300°C-temperature step. Serial numbers 4053 (Sides
"A" and "B") and 4059 (Sides "A" and "B") failed
111:^1► -	 JANTX2N2920
the minimum h FE limit.	 Serial number	 4047 was
removed from the Group II Testing 160 hours into
=	 the 250 oC-temperature step as a MIL-S-19500 limit
failure. Serial number 	 4049 was removed	 from the
Group II Testing 160 hours into the 2750C-tempera-
ture step as a MIL-S-19500 limit failure. 	 Typical
Icharacteristics of	 this sample lot's performance
(Side "A " ) were:
1)	 The mean value for ICBO changed
60.6pA from an initial mean of 129.4pA to
a final mean of 190.OpA.
2)	 The mean value for VCE(SAT)	 changed
8.24mV from an initial mean of 48.38mV to
a final mean of 56.62mV.
3)	 The mean value for hFE changed
I 121.2 from an initial mean of 362.7 to
a final mean of 241.5.
ITypical characteristics	 of	 this	 sample	 lot's
performance	 (Side "B")	 were:
I1) The mean value for IC3O changed
16.7pA from an initial mean of 125.6pA
to a final mean of 142.3pA.
2)	 The mean value for VCE(SAT)	 changed
6.29mV from an initial mean of 48.56mVI
to a final mean of 54.85mV.
3)	 The mean value for hFE changed
108.8 from an initial mean of 369.7 to
a final mean of 260.9.
4)	 The mean value for hFE (matching)
changed 0.431 from an initial mean of
0.981 to a final mean of	 1.412.
The control units for	 this sample	 lot	 remained
constant throughout the entire Group II Testing.
6
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3.2.2	 National Semiconductor. The National Semiconductor
I
sample lot completed the entire 1600-hour Gr.. ;: II
Testing with a total of eight catastrophic
I failures. The first failure occurred 160 hours
into the 75 oC-temperature step. Serial number 4007
(Side "A") failed the minimum hFE limit. The next
Itwo failures occurred 160 hours into the
2000C-temperature step. Serial number 3996 (Side
I "B") failed the minimum h FE limit. Serial
number 4005 failed the maximum h FE (matching)
limit. The next failure occurred 160 hours into
the 22.5 oC-temperature step. Serial number 3994
failed the minimum LI FE (matching) limit. The next
failure occurred 160 hours into the 275 0C-tempera-
ture step. Serial number 4008 (Sides "A" and "B")
I	 failed the minimum h FE limit. The last three
failures occurred 160 hours into the 3000C-tempera-
Itune step. Serial numbers 3995 (Side "B") and 4000
(Side "B") failed the minimum hFE limit. Serial
number 4002 failed the maximum h FE (matching)
limi t_. Typical characteristics of this sample
I	 lot's performance (Side "A") were:
1) The mean value for ICBO changed
I 10.9pA from an initial mean of 110.OpA to
a final mean of 1.20.9pA.
2) The mean value for VCE(SAT) changed
4.28mV from an initial mean of 45.63mV to
a final mean of 49.91mV.
I
3) The mean value for hVE changed
20.2 from an initial mean of 400.6 to a
final mean of 420.8.
Typical characteristics of this sample lot's
performance (Side "B") were:
1) The mean value for ICBO changed
--^t.--
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32.OpA from an initial mean of 126.2pA
to a final mean of 158.2pA.
2) The mean value for VCE(SAT) changed
907.99mV from an initial mean of 45.81mV
Ito a final mean of 953.8mV.
3) The mean value for hF.: changed
128.9 from an initial mean of 428.6 to a
f?aal mean of 299.7.
4) The mean value for hFE (matching)
changed 21.014 from an initial mean of
0.926 to a final mean of 21.94.
The control units for this sample lot remained
constant th-oughout the entire Group II Testing.
I
3.2.3	 .Statistical Summary - Group I!. Table 5 of this
report outlines the results of Group II -
Temperature Stress I Testing, for each of the
I	 electrical parameters and all of the measurement
i	 is pertaining to both Fairchild and National
Semiconductor.
'	 3.3	 Grouo III - Temperature Stress II
3.3.1 Fairchild. The Fairchild sample lot completed the
entire 112-hour Group IiI Testing with a total of
two catastrophic failures. The two failures
occurred 1.5 hours into the 300 0C- temperature step.
Serial numhers 4067 (Side "B") and 4074 (Side "B")
i	 failed the minimum hFE limit. Typical characteris-
tics of this sample lot's performance (Side "A")
were:
I1) The mean value for ICBO changed
O.00pA from an initial mean of 11.25pA
ito a final near, of 11.25pA.
8
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I2) The mean valise for VCE(SAT)
changed 0.32mV from an initial mean of
49.06mV to a final mean of 49.38mV.
3) The mean value for hFE changed
5.7 from an initial mean of 415.6 to
a final mean of 409.9.
I
Typical characteristics of this sample lot's
performance (Side "B") were:
I	 1) The mean value for ICBO changed
10.62pA from an initial mean of 6.88pA
to a final mean of 17.50pA.
2) The mean value for VCE(SAT)
changed 2.94mV from an initial mean of
48.31mV to a final mean of 51.25mV.
3) The mean value for hFE changed
Ii	 59.5 from an initial mean of406.6 to
a final mean of 347.1.
I
`
	
	 4) The mean value for hFE (matching)
changed 0.669 from an initial mean of
I
1.02 to a final mean of 1.689.
The control units for this sample lot remained
constant throughout the entire Group III Testing.
3.3.2	 National Semiconductor. The National Semiconductori
I
sample lot completed the entire 112-hour Group III
Testing with a total of four catastrophic
failures. The first failure occurred 16 hours into
the 150 0C-temperature step. Serial number 4010
failed the minimum hFE (matching) limit. The next
Ifailure occurred lh hours into the 2750C-tempera-
ture step. Serial. number 4022 (Side "A") failed
the maximum VCE(SAT) and the minimum hFE limits.
The last two failures occurred 16 hours into the
300 0C-temperature step. Serial number 4009 (Sides
9
JANTX2N2920
"A" and "B") failed the minimum hFE limit. Serial
number 4023 failed the minimum h FE (matching)
Ilimit. Ty-.;ical characteristics of this sample
lot's performance (Side "A") were:
I
1) The mean value for ICBO changed
6.87pA from an initial mean of 4.67pA
to a final mean of 1.1.54pA.
2) The mean value f-- VCE(SAT)
changed 0.82mV from an initial mean of
48.80mV to a final mean of 49.62mV.
3) The mean value for hFE changed
39.0 from an initial mean of 442.2 to
a final mean of 403.2.
Typical characteristics of this sample lot's
performance (Side "B") were:
1) The mean value for 1CBO changed
8.67pA from an initial mean of 1.33pA to
a final mean of 10.OpA.
I2) The mean value for VCE(SAT)
changed 2.18mV from an initial mean of
48.13mV to a final mean of 50.31mV.
3) The mean value for hFE changed
30.9 from an initial mean of 493.7 to a
final mean of 462.8.
I
4) The mean value for hFE (matching)
changed 0,011 from an initial mean of
0.925 to a final mean of 0.914.
The control units for this sample lot remained
constant throughout the entire Group III Testing.
3.3.3 Statistical. Summar y - Grou p III. Table 6 outlines
the results of Group III - Temperature Stress II
Testing, for each of the electrical parameters and
alt oz the measurement points for both Fairchild
10
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and National Semicond^ictor.
I	 4.0	 FINAL DATA SUMMARY
Table 7 statistically summarizes the change in the
Imean value r !-.-)m the zero-hour data to the final
data. The graphs of Figures 2 and 4 plot the
I
cumulative percent failures versus the temperature
stress level for Group II - Temperature Stress I,
I
and Group III - Temperature Stress II. The graphs
of Figures 3 and 5 plot the time step for Group II
(1.50 hours) and Group III (15 hours) versus the
temperatures T 1 and T2 calculated from Figures 2
and 4. Tables 3 and 9 summarize the failures
encountered for all three stress groups. The
failures are separated into two categories:
I
catastrophic failures in Table 3 and parametric
failures in Table 9. The data from Table 8 were
used as a source for the graphs in Figures 2
and 4. Figures 2 and 4 were used as a source for
I	 the graphs in Figures 3 and 5, respectively.
Junction temperature is plotted on an inverse
``
	 hyperbolic scale.
1
	5.0	 CONCLUSIONS
I
The only stress test that did any noteable damage
to both manufacturers was the Group II -
I
Temperature Stress I Test. Many of the failures
experienced a marked loss of gain. There was no
I significant hulk or surface leakage on these
parts. This would imply that the hFE fall-off is
clue only to a loss of emitter efficiency. The loss
Iof injection efficiency in turn is due to the
migration of gold and intermotal.lics under the
influence of heat and electrical. bias.
JANTX2N2920
I The fact that Group I does not reach the high
junction temperatures of Group II and that
Group III does not reach the long time steps of
Group II could be an answer as to why there were
not as many failures in the Groups I and II
testings.
I
A plot showing cumulative failure distribution for
Groups II and III was drawn for the Fairchild and
National Semiconductor sample lots (Figures 2
and 3, and Figures 4 and 5, respectively).
Figures 2 and 3 display the data for the FairchildI sample lot used to calculate an activation energy
of 1.78eV. Figures 4 and 5 display the data forI the National Semiconductor sample lot used to
calculate an activation energy of .96eV.
A broken circle around a marked point on the graph
indicates a freak failure not calculated as part
of the regression line. A solid circle around a
I marked point indicates an isolated main failure
point. The regression line was calculated using
the least squares method.I
The activation energy was calculated from theI formula:
I	 8.63	 X	 10 -5 eV/oK
E	 .e.n t1	 (	 1	 1	 eVt2	 1 T 1 +273 J	 T2+273	 1
Where:	 t 1 = step of Group II - Temp Stress I = 160 hrs.
I t 2 = step of Group III - Temp Stress II = 16 hrs.
T 1 = temperature in 0  of 16% failure for Group II.
T 2 = temperature in 0  of 16% failure for Group III.
12

NGOOUUa^aH
^
 
^
14
	
3+
u
O
 
O
cti
N
N
 U
I
P
+
\
H H
3
-4
m
N
r4
C
 
G
cp
rJ
$4
O
NO
H
 H
O
b
N
z
 P
+
O
C
^O
0
0
H
u
1
W
 w
O O
N
N
L
4.4 w
N
C
I
04
P4
PG
i-1
MCUMUW
 
O
V1 N
v
 O^
^
 
^
 N
41z
W
 
(n N
P
G
 Y
.
N H
H
 Cro4)
 
O
0
.
w
0C)HF+613Oa
J
A
N
T
X2N2920
IIIIII
7
I
I
7
V)OHu]6 HgH
10,
	
-,\
' A
l
i
 
N)
14
1I
H
H
	
H
H
	
H
Cli
	
0
4
uu
	
n
D d
U
	
U
	
w
0
	
0
	
00
%
D
	
U
'1
	
1
-
N
	
0
0
u
	
u
	
u
E
	
H
I
HH
'
OOU
a
b•
rlUw7bUa
c
 E
W
 
•
a
OC
	
'
'
^
 
U
J
h
Ig
i Z
 N
 tnN
a w
 ai
W
R Q w
D
O
U
 
^
4Q)P4a^
N
r--1U
JA
N
TIM
2920
I
1
	
I 
o
t
	
NNzN
I
" Hzh
IIIIi
Aa
I" xUaHawii
01
	
8 
t
i
 
i
n
 
N
	
t
i
 
0
 
N
 
O
 
t
i
	
L0
	
N
I
	
q
t
 V
 V
	
M
 
M
 
M
 
M
	
N
	
N
	
N
	
N
N
	
rl
	
L^
E
	
E-4
	
O
(Do) 38MV83dINR N011ONnr *
^
,
	
+
r
^
^
-
 t
	
Z rr^
1.5
	
^
'
J
A
N
T
X
2
N
2
9
2
0
^
 
^
	
I
	
Q
a
	
rI i 	
Q
.
y
	
I
	
V
O
	
Vrowv
	
I
	
O
	
Q)
	
I
	
c
r
t
o
	
rz
M
 v0
W U 
•
rt
H
 
4
J
	
J
	
hN
^
-1
N
Q
	
N
]IC
	
^NavvE.,AH
QLo
	
11- LO
I to
 ^
f
	
M
 fn
 K
)
	
N
 
N
 
N
 
N
 
~
	
to
	
N
	
^j
	
(^
	
1^
u
N
 
r
-
1
	
L
A
E
H
H
	
(Do) 38niV83dW
31 NOI1ONn
	
t
	
Z
x
,
	
}
	
z
	
tt
16
oU'dC»UvNroc0.,q4Jro
Q
	
z
Q
 
O
 
^
W
W
 ^
 
v
aEE
J
r_
L
l o
rq
v
 
4jU
W
^ o
H VI
w
^
N t4
W
N
	
Q)
Q
 
^
4
^
 
a
4
	
ro
U
' W
vUs^
N
	
vav41
Ui
	
roE0u
J
A
N
T
X
2
N
2
9
2
0
I
 
acEczcU.
I
 
azcEQ
I
^ CNMNz
I
 
NE-1
ah
I
H
H
	
W
H
	
H
04
	
04
LD
u
	
u
Els
0
	
0
	
m
M
	
O
	
t
C
M
	
N
	
O^
M
	
e
t
I)
	
11
	
II
E
	
H
HHC140c^
HHHa0
qj
U
), O
o
	
U)
	
o
	
u
)
o
	
u
o
	
o
	
in
If)
S
	
f)
	
O
	
'^
	
d
fn
	
M	
M
	
M
	
N
	
N
	
N
I
	
N
	
r1
H
	
H
(0o) 36MV63dw31 N01IONnr *
ak,
r
17
8
L,
0
W 
I
 
1
-
H0z
 ; ^
'
	N
	
f-4
	
E4
	
E
(0o) 38niv83dW
31 N
011O
Nn
18
t
0Nt5CFt
J
A
N
T
X
2
N
2
9
2
0
 P
-9
i
W0it
C4tQztwt^'ot
0U000
Q
	
^roC0.H
^
	
ro
Q
	
z
L
n
 
aro
o
^
 
H
0-441U0hNNwvNa
S4
	
^E-4Ei
etoQ1!1--

„1(W
^^
	
JANTX2N2920
TA! , ],E 1
TEST Fl, ) 11 DIAGRAM
INITIAL
ELECrRICAL
TFSTS
Per Table 2
(2) r	 19)?,
	 ( 13)	 (16)* l (lb)**	 (10*7 (15)**
Temperature Step	 Temperature Step
.Non-Operating	 Power Stress	 Stress I	 Stress 11
Control Group
	
TA a 25°C	 100 Percent MRP	 100 Percent MRP
Note 3	 Note 4
0.50 MRP
500 Hours	 T	 T a 15A	 75 0 C	 0°CA
Note I	 t a 160 Hours	 t - 16 Hours
I	 I
1.0 MRP
500 Hours	 TA 	 100°C	 TA	 175°C
Note I	 t	 160 Hours	 t - 16 Hours
1.25 MRP	 125 °C 	 T
A a 
200°C
500 Hours
Note 2	 Et 
160 Hours	 t - 16 Hours
T
1.5 MRP
500 Hours	 25°C Steps
	
25°C Steps
Note 2
1.75 MRP	 T a300-C	 T a 300°C500 Hours	 A	 A
	t - 160 Hours	 t - 16 Hours
Note 2
Quantity per manufacturer	 *FAIRCHILD
**NATIONAL SEMICONDUCTOR
NOTES:
1) Electrical measurements per Table 2 were made at 50, 150, 250 and 500 hours.
2) Electrical measurements per Table 2 were made at 10, 25, 50, 150, 250 and 500 hours.
3) Electrical measurements per Table 2 were made at the end of each 160 hours.
4) Electrical measurements per Table 2 were made at the end of each 16 hours.
20
TABIJ'
PARAMETERS AND T]
PARAMETER CONDITIONS
ICBO @V CB = 45V
VCE(SAT) @ IC = 1.OmA and I 	 = IOOuA
hFE @ VCE = 5V and I C = 100PA
hFEI/hFE2
h
FE matchinci)
@ VCE SV and I C = lOOWA
NOTES:
1/	 In addition, any open or short shall be c
TAB LL
POWER STRESS BUR
I  = 1C
VCE
12.5V
25.OV
31.2V
37. 5V
43. 7V
,I
'	 21
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NOTE
I	 FOR TABLES
4 THROUGH 7
' The minimum/maximum initial and final
Bata generally have an absolute accuracy
of +1% of the reading and + one digit
except for readings greater than 9.99mA
which have an absolute accuracy of +It
of the reading and + one digit. The data
also have a resolution for four digits.
The standard deviations, means, delta
means, and average means are, therefore,
`	 valid indicators of trends over time and
I
	
	 temperature, excepting the minor
statistical computer error of supplyingI a constant number of significant digits.
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FAILURE ANALYSIS
Date- 1Q7A
J/N,gCN2^9B,^.^^.^P/N 2N2920 MFR	 National
En
End point:
117.SMin.
200nAMax. B1/B2
BV CEO BVCBO 1CBO BVEg0 FE VBE INITIAL INITIAL
SIN volts- -volts- -nA- -volts- 1u A;
@
00
vllts
-_
REJ. AT TEST .
NO.:
REJ. FOR:
@ VCB= V 5 V
BEO SEQUENCE
45	 V.
CE ! 10 mA
(3995A 144 193 <100nA	 r 7.7 12 0.79 21 (300°C hFE match
B 85(h) 190 <lOOnA 9.6 345 0.. 81 1600Hrs.
(4005A 90 156 <100nA 11.0 97 0.79 17 (2500C hFEmatch
B 76(H) 156 <100nA 1 0.8 244 0.78 128OHrs,
4007A 94(H) 210 <100nA ,	 10.4 308 0.78 17	 (250°C hFE match
IB 120 225 <lOUnA 6.7 58 0.77 1780Eirs.)
INTERNAL VISUAL DINSPECTION:
All three samples exhibit dark gold-aluminum intermetallics ("Purple Plague ")
around all gold ball bonds (see Figure 1).
I
No other significant defects were seen.
I*h FE trace present. Cannot meet stated test conditions.	 (Leaky)
**h FE trace very leaky.
D=drift H=hysteresis Inv = inversion R=resistive S=soft Uns=unstable
36	 `
ODdDe^	 JANTX2N2920
FAILURE ANALYSIS
Date	 29 November 1978
J/N-- 2CN242-3 B	 P/N 2N2920 MFR	 Fairchild
En End point.
point: 117.5Min.
200nAMax. Bl(B2 =
0.45-1.65
BV CEO BVCBO I CBO BVEBO hFE VBEO INITIAL INITIAL
SIN 'volts -volts -nA- -volts- @ I C -volts_ REJ. AT TEST REJ. FOR:@ VC =
^.
1001JA; @ IBEp=
10 mA
SEQUENCE NO.:
45 VCE=S—OV.
14052A 105 240 <100nA 9.2 152 0.80 21 (3000C hFE match
B 96 225 <100nA 9.8 27 0.81 1600Hrs.)
(4053A 85 105 <100nA 11.6 4.8 0.78 21 (3000C hFE match
B 75 95 <100nA 12.0 25 0.82 1600Hrs.)
74 155 <100nA 10.8 215 0.78 21 (30000 hFE match(4057A
B 125 156 <100nA 10.8 16 0.78 1600Hrs.)
I
INTERNAL VISUAL INSPECTION:
I
All three samples exhibit dark gold-aluminum intermetallics ("Purple Plague")
I
around all gold ball bonds. (See Figure 2.)
No other significant defects were
1
seen.
I*
h FE trace present. Cannot meet stated test conditions.	 (Leaky)
!**h FE trace very leaky.
- - - - -
- - - - - - - - - - - - - -
- - - - - - - - - - - - - - - -
D=drift H=hysteresis Inv=inversion R=resistive S=soft Uns=unstable
37
JANTX2N2920
CONCLUSION
One or more transistors on all of the samples have
experienced a marked loss of gain. There is no
significant hulk or surface leakage on these
parts. This implies that the 11 FE fall-off is due
only to a loss of emitter efficiency. The loss of
I
injection efficiency in turn is due to the
migration of gold and intermetallics under the
influence of heat and electrical bias with a
consequent loss of bulk lifetime.
38
rFIGURE, A-1
SIN 3995. Magnification 152X.
Typical die geometry of National samples.
The (lark areas around the gold hall bonds are
gold-aluminum intermetallics ("Purple Plague").
FICUR17 A-2
SIN 4025. Magnification 152X.
Typical die geometry of Fairchild simples.
The dark areas around the gold ball boi,ds are
gold-aluminum intermetallics ("Purple Plague").
JANTX7!i2920
